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K7.*CZBXCaL UtUlN&fcHIHO DaF-.RTM.BIT 
mast".? 's thesis proposal 

1. Title : A COIKClTO?-C’JRREirT MAWtTIC MWOHY JRIT 

2. Brief Statement of the ProM— 

It le proposed to Investigate the pro bleat lnrolred in eou- 
blning the bl nary-memory (re el dual magnetism) property of a "hard" 
ferromagnetic core with its coincidence (multlple-vlndlng) possibilities, 
to frrr > snail, high-speed, memory unit. Such unite, an*cabled into 
two- or three-dimensional eat rices, might be eultable for the memory 
ay-ten of nn electronic di'-ital computer each ae Whirlwind 1 (M.I.T. 
Project 6345). 

3 . History of the Problem up to the Present 

Py the Pr.ll of 194$ the Computation Laboratory of Harvard 
University had constructed magnetic-memory unite utilising the re¬ 
el dual mcmetlem of snail ferromagnetic cores haring near-rectangular 
hysteresis loops. These they connected in cascade to prodaoe a "Static 
Magnetic Delay Line ", 1 along which binary Information could be stored 
end sMfted serially. In Report Ko. 4 of the ease aeries, Issued in 
the Spring of 1949, they reported attaining operating frequencies of 
the order of 33 ho T*»* sec-nd; their lateet reporte, Roe. 5 *ad 6 , in¬ 
dicate th>t t v ls ilQxra hae not been lncreaeed. They hero uleo experl- 
mented with and speculated about the cotnoidenoe poeelbilitlee of a 
saturable core for fating and other applications. 

1 , Harvard University Computation Laboratory, "Invest!rations for the 
Design of Digital Calculating Machinery*, Progress Report * 0 . 2, 

August 10. 1940 - November 10, 1948). 
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It van suggested by J. W. Fo-reater, director of Projeot 
Whirlwind at V.I.T., that a two- or three-dimenelonal selection oohsos 
of a digital uiture sight ha ideally suited to a memory matrix made 
up of mall multi-winding ferromagnetic cores. Such a system might 
hive many p-rivantnrea Including rermanenoe of storage, eaay oceans, 
preservation of tha digital natura of tha computer during tha telac¬ 
tion process, Intaraatlng packaging potantlalltlaa, and wary simple 
oover-surply requirements. 

A major soot Ion of tha pro hi am has to do with tha oharao- 
tarlftlos of tho corns to bn usad. Tha andarsigned has J»*t wrlttaa a 
Graduate ronlnnr Papar for tha ttaotrical engineering Department of 
H.I.T. on tha suhjaot "far rasa gnat lc Materials for Applications Re¬ 
quiring Rectangular Hysteresis loops and Short Response Times”, la 
which tha binary-memory application is used as an illustration of tho 
raoulrements on tho corn material. 


4. Description of a Raslc Unit 1 

A brief description of tho basie nod# of oporM-lom of tho 
ragnstlo-oepory unit to be Investigated la in order preliminary to any 
Indication of expeeted prooadura. figure 1 showa, aohamatioally, a 
possible arrangement for a unit using two-currant oo'noldenoe excita¬ 
tion. (Such a unit might be eultable for a two-dimensional matrix 
representing one digit In a memory system.) windings A end R ore ex- 
oltatlon, or salsotlon, eollej S is a pickup, or signed, ooil. Assume 
that a hysteresis loop of tha oora is re shown in figure ?. (The loop 
shown is less rectangular then le desirable in order to exaggerate oar tain 


1. See attached drawing for figures 1 and 2 
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aspects of the problon.) Assume that, at the eturt, tho operating point 
it at tho lower stable position -3 y . 

The application of a magnetizing fopoe of amplitude 7^/? 
roves the operating point to x, resulting In a eery nail chaans in 
flux density P; return to H « 0 moves the operating point to - B q , a 
point not far removed free *V 

The result for the Application and removal of the full 
is quite different! the operating point noree to y, and then to *B r . 

The eore has reversed its magnetisation upon application of f^; in the 
prooese there was a largo ehonre of flux density B, with a correspondingly 
large pulse Induced in the signal coil. 

If the currents i k and 1^ (in figure 1) are aade equal and of 
suoh an amplitude that they correspond to values of reeietlslng force 
equal to H J? each, and sub to together, then the Magnetisation of 
the core oan be changed from -P f to only by the oolnol deuce of 
1 A and i R . The development of e relatively large signal pulse would 
Also, therefore, depend on suoh oolnoldenoe. Reversing the current 
directions reverse* the procedure. (There are problene having to do 
with "readlng-in", erasure of inforeatlon, and sons other liens which 
core to rind relevant to uelng this type of unit efficiently In a 
memory system; these problem* will be ignored at first.) 

it Is immediately apparent that forms of noise and instability 
result from the minor hysteresis loops travelled when magnetising foroee 
less than H a are applied and removed. (One suoh is Indio- ted between 
-B r , x, and These and other faotors cake a very high degree of 
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rectangulf.rity and a ielatirely high coerci-Tity desirable In he eor© 

material. 

(Jp to now, quasl-et&tic operation has been nssuae$, Ob¬ 
viously, tho frequency with vMch operations may occur will bo llnit*d 
by losses, eddy-carrent shielding, nad other faetore. 

5 - Proposed f rocodnro 

Calculations already cade indicate that freedor from eddy- 
current shielding is Tory important, as is the degree e? reetnuo'erity 
of the core material. 3-* far, the letter quality Is only obtainable 
In metalllo (low r*el*tlvlty) materials. Testing will start, therefore, 
with wound tape corns of Oeltannx* and slnllar alloys. (Kngnetlo 
fsrrlt-s may be considered later.) It should be possible, by observing 
the dependenoy of the response on frequency, oore geometry, tape geometry 
and cosnoeltioc, to obtain ezpsrinental verification of the Identity 
of limiting factors. 

I ulrtwnt will be set up to measure and dlerlay the flux 
deaalty (or its rate of change) of a oore as a fanotion of the airpll- 
tude and form of an applied Baptizing force. Ceres will be tested with 
a view to identifying limiting factors and to seleotlng promising 
oandidates for further study, A basic meter-' unit will be set u- end 
reosurer»nts taken to determine the following! 

a. The mini cun magnetizing force needed to reverse 

magnetisation oocpleteiy enough to allow stable cyclic 
operation. 

1. The Arnold engineering Oo., "Technical Information on TVeltenax" 

(April 1, 19^5)» C’-loM», Illinois. 
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b. The Baxliup pertnlrtible uv-f^etlzing forca, Jupt Input- 
| fielent to dart reversal, which rey b# repeatedly applied 

aid vhloh will not significantly reduce the response of 
the core to a full reversing force later. 

£. The output el/^nal (nolee) resulting fro® b. 

4 . The changes la £ and b ae functions of frequency or speed; 
or, the response time ae a function of th«* Tr.rlablea 
la ^ end b. 

Should tine allow, aa attempt will be mode to build a small 
(2 b 7 ?) memory matrix with associated circuitry, end determine lte 
operating characteristics. 

6 - tgalpment Weeds 

All necessary test ead nsasureneot equipment le available 
at Project 6345 . 

A mabor of to«t cores are already available at the rreject 
and more will be procurable aa needed. Correspondence with possible 
source* It In profros* and will oontlnae. 

7. a*tlm trd Plvlefcn of Tine 


t* 

Preparation of the proposal 

55 hfurs 

b. 

further study of the literature 

?5 hours 

£• 

v.xp«rlmentnl work end analytic 

200 hours 

!• 

Correlation of result*, and forruli tion 



of deduotlone and conclusion* 

40 hours 

i- 

Preparation of thesis report 

8 D hours 

L 

Total 

400 hours 










J 
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8. Signature and Bate 


9 » Supervision A«To«acut 

The I'TOblw described here eneae Adequate for a Master *e 
research. The undersigned agrees to supervise the resnereh and 
emulate the theele. 

Am VK 

T^A^orreeter 

VHF:s*t 

Attached draving; A-35238 



Fage 6 



william fl".'Papier 


1 S 5 D 
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